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(54) Method and device for contactless position measurement 



(57) If outputs of a couple of Hall ICs (31 , 32) con- 
stituting a throttle valve position sensor (30) are within 
an operating range of throttle valve position, and if a re- 
lationship between the outputs are within a predeter- 
mined error range, both the Hall ICs (31 , 32) are deter- 
mined to be normal. In contrast, if the outputs are equal 
to an upper clamp voltage or a lower clamp voltage, and 



if a relationship between the outputs is out of the prede- 
termined error range, at least one of the Hall ICs is de- 
termined to be abnormal. Furthermore, if the outputs are 
within a failure reference voltage range, it is determined 
that there is an abnormality between the throttle valve 
position sensor and an ECU. In this way, abnormalities 
in the sensor (30) and abnormalities between the sensor 
(30) and the ECU can also be detected. 
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Description 

[0001 ] The present invention relates to a method and 
apparatus for processing an output of a position meas- 
urement sensor having non-contact type measurement 
elements for measuring a position of a movable body. 
For instance, such a method can be used for failure de- 
termination of a throttle valve position sensor having 
non-contact type measurement elements (e.g., Hall el- 
ements, a Hall ICs or the like) for measuring a rotational 
angle of a throttle valve that adjusts the amount of intake 
air supplied to an internal combustion engine. 
[0002] There is one type of known throttle valve posi- 
tion sensor that has a couple of Hall ICs to provide dou- 
ble outputs, implementing a redundant system and al- 
lowing detection of a failure mode of the Hall ICs. 
[0003] In such a throttle valve position sensor, a dif- 
ference between an output of one Hall IC and an output 
of other Hall IC is continuously compared with a refer- 
ence value to detect a failure mode. For instance, once 
a position of the throttle valve is incremented to fall with- 
in a high throttle valve position zone, an output of at least 
one Hall IC is raised and is fixed at 5 (V) that is equal to 
a power supply voltage applied to the sensor. Even if 
this Hail IC is normal, it is impossible to determine 
whether there is any abnormality (e.g., short circuit) in 
the Hall IC based on the output of the Hall IC. As a result, 
a detectable range of the failure mode of the throttle 
valve position sensor is disadvantageous^ limited to a 
lower throttle valve position zone within an operating 
range of the throttle valve position. 
[0004] The present invention addresses the de- 
scribed disadvantage. Therefore, it is an objective of the 
present invention to provide a method and apparatus for 
processing an output of a redundant position measure- 
ment sensor having a couple of non-contact type meas- 
urement elements for measuring a position of a movable 
body, the method allowing detection of all failure modes 
of the sensor throughout an entire operating range of- 
the movable body. 

[0005] To achieve the objective of the present inven- 
tion, there are provided a method and apparatus for 
processing an output of a redundant position measure- 
ment sensor having a couple of non-contact type meas- 
urement elements for measuring a position of a movable 
body. Maximum and minimum output voltages of the 
measurement elements are set to exceed upper and 
lower tolerance limits for output voltages of the meas- 
urement elements at upper and lower borders of an op- 
erating range of the measurement elements, respec- 
tively. Furthermore, the maximum and minimum output 
voltages of the measurement elements are also set to 
fall between upper and lower failure reference voltage 
ranges. The upper and lower failure reference voltage 
ranges are set by an electronic control unit connected 
to the measurement elements and are provided at upper 
and lower borders of a power supply voltage applied to 
the measurement elements, respectively. 
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[0006] The invention, together with additional objects, 
features and advantages thereof, will be best under- 
stood from the following description, the appended 
claims and the accompanying drawings in which: 

5 

FIG. 1 is a cross-sectional view of an intake air flow 
control system for an internal combustion engine, 
to which a method for processing an output of a po- 
sition measurement sensor in accordance with one 

10 embodiment of the present invention is applied; 
FIG. 2 is a left side view as seen in FIG. 1 ; 
FIG. 3 is a block diagram showing a flow of throttle 
valve position information provided through an in- 
ternal computation within the Hall ICs constituting 

is the throttle valve position sensor of FIG. 1 ; 

FIG. 4A Is a graph showing sensor outputs (V) of 
the Hall ICs within and around an operating range 
of the throttle valve position ranging from the initial 
throttle valve position (-10 degrees) to the full throt- 

20 tie valve position (90 degrees); 

FIG. 4B is a graph showing sensor outputs (V) of 
the Hall ICs within and around the operating range 
of the throttle valve position (degrees) according to 
a prior art; and 

25 FIG. 5 is a flowchart showing a procedure of failure 
determination process carried out in an ECU exter- 
nally connected to the throttle valve position sensor 
of FIG 1. 

30 [0007] One embodiment of the present invention will 
now be described with reference to the accompanying 
drawings. 

[0008] With reference to FIG. 1 , an intake air flow con- 
trol system for an internal combustion engine according 

35 to the present embodiment includes a throttle body 1 0 
defining an intake air passage 11 leading to the internal 
combustion engine (not shown), a substantially disc- 
shaped throttle valve 12 secured to and supported by a 
rotatable shaft 1 3 in a rotatable manner within the intake 

40 air passage 1 1 , an electric motor 20 acting as an actu- 
ator connected to the rotatable shaft 13 via gears, and 
a throttle valve position sensor 30 for measuring a throt- 
tle valve position as a rotational angle of the throttle 
valve 12. Output signals, such as those of the throttle 

45 valve position sensor 30, are inputted to an electronic 
control unit (ECU). In the ECU, a drive signal is comput- 
ed based on an operating condition of the internal com- 
bustion engine. Based on the computed drive signal, the 
electric motor 20 is driven to adjust the position of the 

50 throttle valve 12 to a desired position. 

[0009] The throttle body 1 0 is manufactured by alumi- 
num die-casting and is secured to an intake manifold 
(not shown) of the internal combustion engine with, for 
example, bolts. One end of the rotatable shaft 13 of the 

55 throttle valve 1 2 is rotatably supported by a ball bearing 
1 5 that is in turn supported by a bearing holder 1 4 of the 
throttle body 10. Other end of the rotatable shaft 13 is 
rotatably supported by a thrust bearing 1 7 that is in turn 
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supported by a bearing holder 1 6 of the throttle body 1 0. 
A cap 1 8 is fitted into the bearing holder 1 6 of the throttle 
body 10. The amount of the intake air supplied to the 
internal combustion engine is adjusted by a size of an 
opening that is formed as the throttle valve 12 is rotated 
relative to the intake air passage 11 of the throttle body 
10. 

[0010] The electric motor 20 is housed in a motor 
housing 19 defined in the throttle body 10. The motor 
20 has a motor power supply terminal 21, which pro- 
trudes from the motor 20, and a pinion gear 22, which 
is fitted around a distal end of an output shaft of the mo- 
tor 20. Around a rotor 25 that is secured to the one end 
of the rotatable shaft 13, a resin gear 27 is coupled by 
insert molding. On an inner peripheral surface of the ro- 
tor 25, there is fixedly secured a cylindrical permanent 
magnet 28, The pinion gear 22 is in gear engagement 
with the resin gear 27 via an intermediate reduction gear 
24 that rotates about a fixed shaft 23 secured to the 
throttle body 1 0. Around the outer peripheral of the resin 
gear 27 that is integral with the rotor 25, there is provided 
a return coil spring 29 for urging the throttle valve 12 to 
the initial throttle valve position via the rotatable shaft 
1 3 when the motor 20 is turned off by, for example, turn- 
ing off an ignition switch (not shown). Positioning holes 
26 extend through the rotor 25 for securing the rotor 25 
at a position that coincides with an idle position of the 
rotatable shaft 13. 

[0011] In the present embodiment, the throttle valve 
12 can be rotated from a full throttle valve position (90 
degrees) through a closed throttle valve position (0 de- 
gree) to an initial throttle valve position (- 10 degrees), 
which is a mechanical stop position of the throttle valve 
12. 

[0012] The throttle valve position sensor 30 includes 
the cylindrical permanent magnet 28, a couple of Hall 
ICs 31, 32, a lead frame 33 and a split stator 34. The 
cylindrical permanent magnet 28 acts as a magnetic 
field generating source. The Hall ICs 31, 32 act as re- 
dundant non-contact type measurement elements and 
are integrally formed with a resin sensor cover 40. The 
lead frame 33 is made of a conductive thin metal plate 
for electrically connecting the Hall ICs 31, 32 with the 
external ECU. The spiit stator 34 is made of magnetic 
material for concentrating the magnetic flux on the Hall 
ICs 31, 32. 

[0013] The Hall ICs 31 , 32 are opposed to the inner 
peripheral surface of the permanent magnet 28 to cause 
generation of electromotive force in response to gener- 
ation of an N pole magnetic filed or a S pole magnetic 
field on their magneto-sensitive surfaces (generating a 
positive (+) electric potential and a negative (-) electric 
potential by the N pole magnetic field and the S pole 
magnetic field, respectively). The Hall ICs 31 , 32 of the 
present embodiment are arranged in parallel and are ar- 
ranged to face in opposite directions (rotated 180 de- 
grees). 

[0014] With reference to FIG. 2, the lead frame 33 is 



made, for example, of a copper plate (conductive thin 
metal plate). The lead frame 33 includes a signal input 
terminal (VDD) 41 , output terminals (OUT 1 , OUT 2) 42, 
43 and a ground terminal (GND) 44. The signal input 

5 terminal (VDD) 41 is fed, for example, with a 5 (V) power 
supply voltage. The output terminals (OUT 1 , OUT 2) 
42, 43 output a signal indicative of a position of the throt- 
tle valve 12. Each of a signal input lead (VDD) 36, a 
ground lead (GND) 37 and an output lead (OUT 1 , OUT 

10 2) 38 of the Hall ICs 31 , 32 is connected with the lead 
frame 33. A connection between each described lead 
and the lead frame 33 is covered with a connection hold- 
er 35 made of a thermoplastic resin, such as PBT Two 
stator halves constituting the split stator 34 are secured 

is around the outer peripheral of the connection holder 35 
in a manner that provides a predetermined gap between 
the stator 34 and the Hall ICs 31, 32. 
[001 5] The sensor cover 40 closes an opening of the 
throttle body 1 0. The sensor cover 40 is a thermoplastic 

20 resin molded product (such as, one made of PBT), 
which is lightweight, easy to manufacture and inexpen- 
sive and electrically insulates each terminal of the throt- 
tle valve position sensor 30 from other terminals. A re- 
cess 48 is formed on the sensor cover 40 to engage with 

25 a protrusion 47 formed at the opening side of the throttle 
body 10. Upon engagement of the recess 48 and the 
protrusion 47, the sensor cover 40 is secured to the 
throttle body 10 by a clip (not shown), completing the 
assembling of the sensor cover 40 and the throttle body 

30 1 o. When the protrusion 47 of the throttle body 1 0 is en- 
gaged with the recess 48 of the sensor cover 40, the 
Hall ICs 31 , 32, which are secured on the sensor cover 
40, are correctly aligned with the permanent magnet 28, 
which is secured to the inner peripheral side of the rotor 

35 25 that integrally rotates with the rotatable shaft 13 of 
the throttle valve 12. 

[0016] Furthermore, as shown in FIG. 2, the connec- 
tor 50 that is integrally formed on a lateral side surface 
of the sensor cover 40 has a distal end 51 of the signal 

40 input terminal 41 , distal ends 52, 53 of the output termi- 
nals 42, 43, a distal end 54 of the ground terminal 44 
and distal ends 55, 56 of a motor power feed terminal 
45 of the motor 20. Other ends of the motor power feed 
terminal 45 are integrally connected with a motor con- 

45 nection terminal 46. Once the throttle body 1 0 is assem- 
bled with the sensor cover 40, the motor power supply 
terminal 21 of the motor 20 is connected to the motor 
power feed terminal 45 via the motor connection termi- 
nal 46. 

50 [001 7] A flow of throttle valve position information pro- 
vided through an internal computation in the Hall ICs 31 , 
32 will now be described with reference to FIG 3. 
[0018] With reference to FIG. 3, a rotational angle val- 
ue indicative of a position of the throttle valve 12 is 

55 measured with a rotational angle measurement unit 31 1 , 
321 via a Hall element in each Hail IC 31 , 32. The meas- 
ured rotational angle value is then inputted to an A/D 
converter 312, 322. Furthermore, a temperature value 
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indicative of a change In the ambient temperature Is 
measured with a temperature measurement unit 313, 
323 in each Hall IC 31 , 32. The measured temperature 
value is then inputted to a correction circuit 314, 324 for 
correcting temperature characteristics. 5 
[0019] A corresponding set point for the measured 
temperature value previously stored in an EE PROM 
(Electrical Erasable Programmable ROM) 315, 325 is 
inputted to the correction circuit 31 4, 324, and the meas- 
ured temperature value is corrected based on the set 
point in the correction circuit 31 4, 324 and is then input- 
ted to the A/D converter 312, 322. The value inputted to 
the A/D converter 31 2, 322 is converted from analog to 
digital and is then inputted to an adjustment circuit 316, 
326. In the adjustment circuit 316, 326, an offset adjust- 
ment, a gain adjustment and a clamp adjustment are 
carried out based on a corresponding set point stored 
in the EEPROM 315, 325. In the offset adjustment, an 
offset of a sensor output (V) indicative of the throttle 
valve position (degrees) is adjusted. In the gain adjust- 
ment, a slope of the sensor output (V) indicative of the 
throttle vafve position (degrees) is adjusted. In the clamp 
adjustment, an upper clamp voltage (V) and a lower 
clamp voltage (V), which are used as a maximum output 
voltage and a minimum output voltage of the throttle 
valve position sensor 30, respectively, are set. 
[0020] The value adjusted in each adjustment circuit 
31 6, 326 is inputted to a D/A converter 31 7, 327 to con- 
vert from digital to analog and is then outputted as the 
throttle valve position information from the output lead 
(OUT 1 , OUT 2) 38 of the Hall IC 31 , 32 to the external 
ECU that is connected to the connector 50 via the distal 
ends 52, 53 of the output terminals 42, 43 of the lead 
frame 33. 

[0021] The present invention will now be described 
with reference to FIG. 4A in connection with FIG. 4B. As 
shown in FIG, 4A, while both the Hall ICs 31, 32 are 
normal, a sensor output (output 1 ) of one Hall IC 31 and 
a sensor output (output 2) of other Hall IC 32 are in a 
range of 0.5 (V) to 4.5 (V) and in a range of 1 .0 (V) to 
4.7 (V), respectively, in the operating range of the throt- 
tle valve position. When one of the Hall ICs 31 , 32 be- 
comes abnormal, the abnormal Hall IC outputs the up- 
per clamp voltage of 4.7 (V) or the lower clamp voltage 
of 0.3 (V), which are adjusted in the described clamp 
adjustment, as its maximum or minimum sensor output 
voltage. Therefore, if a voltage (a failure reference volt- 
age of FIG. 4A) of below 0.3 (V) or above 4.7 (V) is 
measured as the sensor output in the ECU, the ECU 
determines that a failure condition of a component other 
than the throttle valve position sensor 30 itself has oc- 
curred (for example, disconnection or short circuit of a 
wire harness or the like) since such a voltage cannot be 
outputted from the throttle valve position sensor 30. In 
this way, the failure of the Hall ICs 31 , 32 can be detect- 
ed throughout the operating range of the throttle valve 
position. 

[0022] In contrast, in the prior art, as shown in FIG. 



4B, while both the Hall ICs constituting the throttle valve 
position sensor are normal, an output (output 1) of one 
Hall IC and an output (output 2) of other Hall IC are in a 
range of 0.5 to 4.5 (V) and in a range of 1 .0 to 5.0 (V), 
respectively, within the operating range of the throttle 
valve position. That is, when the throttle valve position 
is in the high throttle valve position zone, the output 2 
of the Hall IC is fixed to 5.0 (V). Furthermore, when one 
of the Hall ICs becomes abnormal, the abnormal Hall IC 
outputs 0 (V) or 5.0 (V). Thus, in the high throttle valve 
position zone where the output 2 of the Hall IC is about 
5.0 (V), the ECU, which is externally connected with the 
throttle valve position sensor, cannot determine whether 
the throttle valve position sensor is abnormal, or other 
component is abnormal (for example, disconnection or 
short circuit of a wire harness or the like). 
[0023] The failure determination procedure of the 
throttle valve position sensor carried out in the ECU as 
part of the method for processing an output of the posi- 
tion measurement sensor according to one embodiment 
of the present invention will be described with reference 
to a flowchart of FIG. 5 in connection with FIG. 4A. A 
failure determination routine shown in FIG. 5 is repeated 
at predetermined intervals as long as it is determined 
that both the Hall ICs 31 , 32 are normal, that is, a flag 
FDFAIL and a flag FSFAIL (which will be described in 
detail below) are both n 0" in the previous run. 
[0024] With reference to FIG. 5, first, at step S101, 
the output 1 of the Hall IC 31 and the output 2 of the Hall 
IC 32 are read. Then, control passes to step S1 02 where 
it is determined whether a relationship between the out- 
put 1 and the output 2 read in step S1 01 is within a pre- 
determined error range of a map (not shown) that is con- 
structed based on a relationship between the output 1 
and the output 2 shown in FIG. 4A. If the answer at step 
S102 is YES, both the Hall ICs 31 , 32 are determined 
to be normal, and the routine ends. In such a case, the 
drive control of the throttle valve 12 via the motor 20 
continues. 

[0025] In contrast, if the answer at step S102 is NO, 
at least one of the Hall ICs 31, 32 is determined to be 
abnormal, and control passes to step S103. At step 
S1 03, the motor 20 is turned off, so that the return spring 
29 urges the throttle valve 12 via the rotatable shaft 13 
to return the throttle valve 12 to the initial throttle valve 
position. 

[0026] Then, control passes to step S1 04 where the 
sensor output of each Hall IC 31 , 32 in the initial throttle 
valve position is read. For illustrative purpose, it is as- 
sumed that 0.5 (V) of the output 1 and 1 .0 (v) of the out- 
put 2 are read (see FIG. 4A). Then, control passes to 
step S1 05 where it is first determined whether the output 
1 of the Hall IC 31 read at step S104 is within a prede- 
termined tolerance range, for example, within a range 
of 0.4 to 0.6 (V). If the answer at step S1 05 is NO, control 
passes to step S1 06 where it is determined that the Hall 
IC 31 is abnormal. On the other hand, if the answer at 
step S105 is YES, it is determined that the Hall IC 31 is 
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normal, so that control skips step S106. 
[0027] Then, control moves to step S107 where it is 
determined whether the output 2 of the other Hall IC 32 
read at step S 104 is within a predetermined tolerance 
range, for example, within a range of 0.9 to 1.1 (V). If 5 
the answer at step S107 is NO, control passes to step 
S 1 08 where it is determined that the Hall IC 32 is abnor- 
mal. On the other hand, if the answer at step S107 is 
YES, it is determined that the Hall IC 32 is normal, so 
that control skips step S108. 

[0028] Then, control passes to step S109 where it is 
determined whether both the Hall ICs 31 , 32 are abnor- 
mal. If the answer at step S109 is YES, control passes 
to step S1 1 0 where the flag FDFAIL, which indicates that 
both the Hall ICs 31 , 32 are abnormal, is set to "1 n . Then, 
control passes to step S111 where the power supply to 
the motor 20 is turned off, so that the drive control of the 
throttle valve 12 via the motor 20 is prohibited (or 
stopped), and the throttle valve 12 is fixed to the initial 
throttle valve position. Then, the routine is terminated. 
[0029] On the other hand, if the answer at step S1 09 
is NO, that is, one of the Hall ICs 31 , 32 is abnormal, 
control passes to step S112 where the flag FSFAIL, 
which indicates that one of the Hall ICs 31 , 32 is abnor- 
mal, is set to "1". Then, the routine is terminated. 
[0030] Once the flag FSFAIL is set to "1", the drive 
control of the throttle valve 12 via the motor 20 is re- 
sumed and is conducted based on the output of the re- 
maining normal Hall IC 31 , 32 via a control routine (not 
shown), and an operation mode of the vehicle is 
changed to a limp-home mode. A time point of resuming 
the drive control of the throttle valve 1 2 via the motor 20 
is when a demand for a change in an operating condition 
of the vehicle (such as a demand for acceleration or de- 
celeration) is received from a vehicle driver. This is de- 
termined based on a change in output of an accelerator 
pedal position sensor, a brake switch or the like. 
[0031] During the limp-home mode of the vehicle op- 
eration, an upper protective limit is imposed on the po- 
sition of the throttle valve 12 for safety reasons. Further- 
more, upper protective limits are also respectively im- 
posed on parameters provided for controlling the oper- 
ating condition of the internal combustion engine, such 
as the amount of intake air, the engine speed and the 
like. If any of these parameters reaches its upper pro- 
tective limit, the drive control of the throttle valve 12 via 
the motor prohibits further incrementation of the position 
of the throttle valve 12. Furthermore, after resuming the 
drive control of the throttle valve 12 via the motor 20, if 
a relationship between the described parameter and the 
one of the Hall ICs 31 , 32, which has been determined 
to be normal, is out of a predetermined range, this Hall 
IC is also determined to be abnormal. Thus, the power 
supply to the motor 20 is turned off to prohibit (or stop) 
the drive control of the throttle valve 1 2 via the motor 20. 
[0032] The failure determination according to the 
present invention will be further described with refer- 
ence to FIG. 4A. The upper clamp voltage (or the max- 



imum output voltage) of 4.7 (V) of the Hall ICs 31 , 32 is 
set to exceed an upper tolerance limit of 4.6 (V) provided 
for the output voltage of 4.5 (V) at the upper border of 
the operating range of Hall ICs 31 , 32. Furthermore, the 
lower clamp voltage (or the minimum output voltage) of 
0.3 (V) of the Hall ICs 31 , 32 is set to exceed a lower 
tolerance limit of 0.4 (V) provided for the output voltage 
of 0.5 (V) at the lower border of the operating range of 
the Hall ICs 31 , 32. The upper clamp voltage of 4.7 (V) 
and the lower clamp voltage of 0.3 (V) are also set to 
fall between an upper failure reference voltage range 
that is higher than 4.7 (v) and a lower failure reference 
voltage range that is lower than 0.3 (V). The upper fail- 
ure reference voltage and the lower failure reference 
voltage are set by the ECU and are provided at upper 
and lower borders of a power supply voltage of 5 (V) 
applied to the Hall ICs 31 , 32, respectively. 
[0033] That is, if the sensor output voltage of each of 
the Hall ICs 31 , 32 is between the upper tolerance limit 
of 4.6 (V) and the lower tolerance limit of 0.4 (V), and if 
a relationship between the sensor output voltage of the 
Hall IC 31 and the sensor output voltage of the Hall IC 
32 is within the predetermined error range, both the Hall 
ICs 31 , 32 are determined to be normal. Also, if the sen- 
sor output voltage of the Hall IC 32 is in a range of 4.6 
(V) to 4.7 (V), and if the relationship between the sensor 
output voltage of the Hall IC 31 and the sensor output 
voltage of the Hall IC 32 is within the predetermined er- 
ror range, both the Hall ICs 31 , 32 are also determined 
to be normal. In contrast, if the sensor output voltage of 
the throttle valve position sensor 30 is equal to the upper 
clamp voltage of 4.7 (V) or the lower clamp voltage of 
0.3 (V), and if the relationship between the sensor output 
voltage of the Hall IC 31 and the sensor output voltage 
of the Hall IC 32 is out of the predetermined error range, 
at least one of the Hall ICs 31 , 32 is determined to be 
abnormal due to, for example, disconnection or short cir- 
cuit. Furthermore, if the sensor output voltage of the 
throttle valve position sensor 30 is within the upper fail- 
ure reference voltage range that is above the voltage of 
4.7 (V) or within the lower failure reference voltage 
range that is lower than the voltage of 0.3 (V), it is de- 
termined that a connection (such as a wire harness or 
the like) between the throttle valve position sensor 30 
and the ECU is abnormal due to, for example, discon- 
nection or short circuit. 

[0034] In this way, in the throttle valve position sensor 
30, an abnormality of the Hall ICs 31 , 32 can be detected 
throughout the entire operating range of the throttle 
valve position including the high throttle valve position 
zone, and also an abnormality of the connection be- 
tween the throttle valve position sensor 30 and the ECU 
can be detected. Thus, an appropriate adjustment can 
be made to detect all failure modes. 
[0035] Additional advantages and modifications will 
readily occur to those skilled in the art. The invention in 
its broader terms is therefore, not limited to the specific 
details, representative apparatus, and illustrative exam- 
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pies shown and described. For instance, the present in- 
vention may be applied to detect a position of a movable 
body, which moves in a linear direction. 
[0036] If outputs of a couple of Hall ICs (31 , 32) con- 
stituting a throttle valve position sensor (30) are within 
an operating range of throttle valve position, and if a re- 
lationship between the outputs are within a predeter- 
mined error range, both the Hall ICs (31, 32) are deter- 
mined to be normal. In contrast, if the outputs are equal 
to an upper clamp voltage or a lower clamp voltage, and 
if a relationship between the outputs is out of the prede- 
termined error range, at least one of the Hall ICs is de- 
termined to be abnormal. Furthermore, if the outputs are 
within a failure reference voltage range, it is determined 
that there is an abnormality between the throttle valve 
position sensor and an ECU. In this way, abnormalities 
in the sensor (30) and abnormalities between the sensor 
(30) and the ECU can also be detected. 



Claims 

1 . A method for processing an output of a redundant 
position measurement sensor (30) having a couple 
of non-contact type measurement elements (31, 
32) for measuring a position of a movable body (1 2), 
characterized in that: 

maximum and minimum output voltages of 
said measurement elements (31 , 32) are set to ex- 
ceed upper and lower tolerance limits for output 
voltages of said measurement elements (31 , 32) at 
upper and lower borders of an operating range of 
said measurement elements (31 , 32), respectively, 
wherein said maximum and minimum output voltag- 
es of said measurement elements (31 , 32) are also 
set to fall between upper and lower failure reference 
voltage ranges, which are set by an electronic con- 
trol unit connected to said measurement elements 
(31 , 32) and are provided at upper and lower bor- 
ders of a power supply voltage applied to said 
measurement elements (31 , 32), respectively. 

2. A method for processing an output of a position 
measurement sensor according to claim 1 , charac- 
terized in that said movable body (1 2) is a throttle 
valve that adjusts an amount of intake air supplied 
to an internal combustion engine, and said electron- 
ic control unit detects an abnormality of each said 
measurement element (31 , 32) based on an output 
voltage of each said measurement element (31 , 32) 
that is outputted while said throttle valve (12) is be- 
ing returned to an initial throttle valve position within 
an operating range of said throttle valve (12). 

3. A method for processing an output of a position 
measurement sensor according to claim 2, charac- 
terized in that if one of said measurement elements 
(31 , 32) is determined to be abnormal by said elec- 



tronic control unit, other of said measurement ele- 
ments (31, 32), which is determined to be normal, 
is used to resume a drive control operation of said 
throttle valve (12). 

5 

4. A method for processing an output of a position 
measurement sensor according to claim 3, charac- 
terized in that a time point of resuming said drive 
control operation of said throttle valve (12) by said 

10 electronic control unit is when a demand for a 
change In an operating condition of a vehicle is 
made. 

5. A method for processing an output of a position 
is measurement sensor according to any one of 

claims 2 to 4, characterized in that in said drive con- 
trol operation of said throttle valve (12) that is car- 
ried out when said one of said measurement ele- 
ments (31 , 32) is determined to be abnormal by said 
20 electronic control unit, upper protective limits are 
imposed on a position of said throttle valve and also 
on a parameter provided forcontrolling an operating 
condition of said internal combustion engine, re- 
spectively. 

25 

6. A method for processing an output of a position 
measurement sensor according to claim 5, charac- 
terized in that in said drive control operation of said 
throttle valve (12) that is carried out when said one 

30 of said measurement elements (31, 32) is deter- 
mined to be abnormal by said electronic control unit, 
if a relationship between said position of said throt- 
tle valve (12) and said parameter provided for con- 
trolling said operating condition of said internal 

35 combustion engine is out of a predetermined range, 
a power supply to an electric motor (20) that drives 
said throttle valve (12) to open or close said throttle 
valve (12) is turned off. 

40 7. An apparatus for processing an output of a redun- 
dant position measurement sensor (30) having a 
couple of non-contact type measurement elements 
(31 , 32) for measuring a position of a movable body 
(12), characterized by that: 

45 means (316, 326) for setting maximum and 

minimum output voltages of said measurement el- 
ements (31 , 32), wherein said maximum and mini- 
mum output voltages of said measurement ele- 
ments (31 , 32) are set to exceed upper and lower 

so tolerance limits for output voltages of said measure- 
ment elements (31 , 32) at upper and lower borders 
of an operating range of said measurement ele- 
ments (31, 32), respectively, wherein said maxi- 
mum and minimum output voltages of said meas- 

55 urement elements (31 , 32) are also set to fall be- 
tween upper and lower failure reference voltage 
ranges and are provided at upper and lower borders 
of a power supply voltage applied to said measure- 
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ment elements (31 , 32), respectively. 

8. An apparatus for processing an output of a position 
measurement sensor according to claim 7, charac- 
terized in that said movable body (12) is a throttle 
valve that adjusts an amount of intake air supplied 
to an internal combustion engine, and further char- 
acterized by control means (S1 01 -S1 12) for detect- 
ing an abnormality of each said measurement ele- 
ment (31 , 32) based on an output voltage of each 
said measurement element (31 , 32) that is output- 
ted while said throttle valve (12) is being returned 
to an initial throttle valve position within an operating 
range of said throttle valve (12). 

9. An apparatus for processing an output of a position 
measurement sensor according to claim 8, charac- 
terized in that if one of said measurement elements 
(31 , 32) is determined to be abnormal by said con- 
trol means (S101-S112), said control means 
(S101-S112) uses other of said measurement ele- 
ments (31, 32), which is determined to be normal 
by said control means, to resume a drive control op- 
eration of said throttle valve (12). 

10. An apparatus for processing an output of a position 
measurement sensor according to claim 9, charac- 
terized in that a time point of resuming said drive 
control operation of said throttle valve (12) by said 
control means (S101-S112) is when a demand for 
a change in an operating condition of a vehicle is 
made. 



drives said throttle valve (1 2) to open or close said 
throttle valve (12). 
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1 1 . An apparatus for processing an output of a position 
measurement sensor according to any one of 35 
claims 8 to 10, 

characterized in that in said drive control operation 
of said throttle valve (12) that is carried out when 
said one of said measurement elements (31 , 32) is 
determined to be abnormal by said control means *o 
(S101-S112), said control means (S101-S112) im- 
poses upper protective limits on a position of said 
throttle valve and also on a parameter provided for 
controlling an operating condition of said internal 
combustion engine, respectively. 

12. An apparatus for processing an output of a position 
measurement sensor according to claim 11 , char- 
acterized in that in said drive control operation of 
said throttle valve (1 2) that is carried out when said so 
one of said measurement elements (31, 32) is de- 
termined to be abnormal by said control means 

(S1 01 -S1 1 2), if a relationship between said position 
of said throttle valve (12) and said parameter pro- 
vided for controlling said operating condition of said 55 
internal combustion engine is out of a predeter- 
mined range, said control means (S1 01-S11 2) turns 
off a power supply to an electric motor (20) that 
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FIG. 2 
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